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0 ULTRASONIC PROBE. 



(§) An ultrasonic probe for high-resolution ultrasonic frequency range and a self-weighted distribution of 
imaging is provided. The probe Includes an assem- ultrasonic amplitudes to attenuate side-lobe levels, 
biy of piezoelectric elements (11), which has a wide 
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TECHNICAL FIELD 

The present invention relates to an ultrasonic 
probe used In a s nsor for a sonar, an ultrasonic 
diagnostic apparatus and the like. 

BACKGROUND ART 

Recently, a piezoelectric element used in an 
ultrasonic probe of a sonar or an ultrasonic di- 
agnostic apparatus used for water or a living body 
employs piezoelectric ceramic having uneven 
thickness as material thereof to obtain a wide fre* 
quency band. Further, there has been studied a 
method of obtaining an ultrasonic Image having 
high resolution by an improved ultrasonic beam 
pattern with a reduced side lobe level by means of 
a shape of electrodes provided in the piezoelectric 
material or of sound absorbing material. 

An example of such an ultrasonic probe Is 
described in JP-A-61 -76949. This ultrasonic probe 
includes a plurality of yibration elements arranged 
in an array to control an uKrasonic beam. In this 
ultrasonic probe, an area of each of electrodes of 
the vibration elements is differed In^area or a sound 
absorbing material provided in a rear surface of the 
vibration elements is differed in thickness so as to 
effect weighting (apodizatlon) for reducing unnec- 
essary side lobe level. 

The ultrasonic probe Includes a plurality of 
vibration elements 1 arranged in an array to control 
an ultrasonic beam, wherein each of electrodes 2 
of the vibration elements 1 Is differed in area as 
shown in Fig. 1(A), or sound absorbing material 4 
disposed in a rear surface of vibration elements 3 
is differed in thickness as shown in Fig. 1(B) so as 
to effect weighting (apodization) for reducing un- 
necessary side lobe level. 

In the above conventional ultrasonic probe, 
however, it is very difficult in the manufacturing 
technique to form an ultrasonic beam pattern for 
each of the vibration elements 1 arranged in an 
array in considering a proper shape of the elec- 
trodes 2, and it is actually impossible to obtain 
weighting of the vibration elements by differing 
thickness of the sound absorbing material. 

DISCLOSURE OF INVENTION 

The present invention is to solve the above 
conventional problems and it is an object of the 
present invention to provide an excellent ultrasonic 
probe in which piezoelectric composite has a wide 
frequency band characteristic and an ultrasonic 
amplitude distribution to mak it possible to effect 
weighting in the piezoelectric composite by Itself 
so that the side lobe level is reduced to obtain an 
ultrasonic image with high resolution. 



In order to achi v the object, according to the 
present Invention, there is provided a piezoelectric 
composite including electrodes formed on both end 
surfaces thereof and a plurality of piezo tectric 

s elements which are arranged and connected with 
each other by polymer material and having electro- 
mechanical coupling coefficients distributed and 
varied by differing volume ratios of the piezoelec- 
tric elements to the polymer material, and there 

10 may be further provided a piezoelectric composite 
including electrodes formed on both end surfaces 
thereof and a plurality of piezoelectric elements 
which are arranged and connected with each other 
by the polymer material so that the electromechan- 

75 leal coupling coefficients are largest in a middle 
portion and reducing gradually as approaching to 
the periphery. 

BRIEF DESCRIPTION OF DRAWINGS 

20 

Fig. 1(A) is a perspective view schematically 
illustrating a conventional ultrasonic probe together 
with amplitude distribution; Fig. 1(B) is a sectional 
view of the ultrasonic probe of Fig. 1; Rg. 2 is a 

25 -perspective view schematically -illustrating =a basic 
structure of a piezoelectric composite of an ultra- 
sonic probe in embodiments of the present inven- 
tion; Fig. 3 is a sectional view of the same piezo- 
electric composite; Fig. 4 is a perspective view of 

30 an ultrasonic probe showing a first embodiment of 
the present Invention; Fig. 5 is a sectional view of 
the ultrasonic probe shown in Rg. 4; Fig. 6 is a 
plan view schematically illustrating an ultrasonic 
probe showing a second embodiment of the 

36 present Invention; Fig. 7 is a sectional view of the 
ultrasonic probe shown in Fig. 6; Fig. 8 is a graph 
showing a relation of an electromechanical coupling 
coefficient versus a volume ratio of piezoelectric 
ceramic; and Fig. 9 is a sectional view of a piezo- 

40 electric composite body showing a third embodi- 
ment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

45 

EMBODIMENT 1 

Fig. 2 is a perspective view schematically illus- 
trating a basic structure of a piezoelectric compos- 

50 ite used in embodiments of the present invention, 
and Rg. 3 is a sectional view of the piezoelectric 
composite shown in Fig. 2. In Figs. 2 and 3, 
numeral 1 1 denotes a piezoelectric composite and 
numeral 12 denotes a plurality of piezoelectric ete- 

55 ments shaped in a square pillar made of piezoelec- 
tric ceramic such as PZT and PbTiOa. Numeral 13 
denotes polymer material which is filled between 
the piezoelectric elements 12 to conn ct them to- 
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gether, and which is made from silicone rubber, 
epoxy resin and poiyurethane resin, for example. 
Numerals 14 and 15 denote electrodes disposed 
on end surfaces of the piezoelectric lements 12 
and formed by a method of plating, depositing, s 
sintering or the like. The piezoelectric elements 12 
have one-dimensional connection by the electrodes 
14 and 15 provided on both of the end surfaces 
pruned in same level. The polymer material 13 has 
three-dimensional connection by being filled into io 
gaps among the piezoelectric elements 12. Thus, 
when a voltage is applied across the electrodes 14 
and 15. the piezoelectric composite 11 vibrates 
mechanically and produces an ultrasonic wave hav- 
ing a frequency corresponding to a thickness t. 75 

As shown in Fig. 3, the piezoelectric elements 
12 are arranged so that intervals P between the 
elements are fixed, while volume ratios of the pi- 
ezoelectric elements 12 to the polymer material 13 
are different. For example, the volume ratios are 20 
set to have different volume ratios in three kinds of 
areas A, B and C in which the volume fraction of 
the piezoelectric ceramic is largest in the middle 
portion A and is getting the smaller in the periph- 
eral portions B-and-G, the nearer to the peripheryr~25 
so that the electromechanical coupling coefficients 
are distributed and varied. 

A relation of the electromechanical coupling 
coefficient kt versus the volume fraction 

V of the piezoelectric ceramic forming the pi- 30 
ezoelectric element versus the whole including the 
polymer material is shown in Fig. 8, which shows a 
curve in the case where PZT 5 Is used as the 
piezoelectric ceramic and epoxy resin is used as 
the polymer material. In Fig. 8, when the volume 35 
ratio V of the piezoelectric ceramic is varied from 
10 to 20 and 30%, for example, the electromechan- 
ical coupling coefficient kt varies from 50 to 60 and 
64% respectively. Thus, when the volume ratios 
30, 20 and 10% of this example correspond to the 40 
volume ratios of the portions A, B and C of the 
piezoelectric composite 1 1 shown in Fig. 3, respec- 
tively, the electromechanical coupling coefficient of 
the piezoelectric composite 1 1 is distributed so that 
it is as largest as 64% in the middle portion and is 45 
getting smaller as 60 and 50% in the peripheral 
portions B and C. When the electromechanical 
coupling coefficient is distributed in this manner, an 
amplitude of the ultrasonic wave produced by the 
piezoelectric composite 11 can be weighted. More so 
particularly, sound pressure of the ultrasonic wave 
is produced high by the portion A of the piezoelec- 
tric composite 11 and produced gradually lowered 
by the portions B and C so that the amplitude of 
the ultrasonic wave is weighted (apodized) in a ss 
single piezoelectric composite 11 itself to reduce 
the side lobe level of an ultrasonic beam pattern 
produced by the pi zoel ctric composite 11 and 



thereby an ultrasonic Image having high resolution 
may be obtained. 

Figs. 4 and 5 show a first embodiment of the 
ultrasonic probe according to the present inv ntion 
using the piezoelectric composite having the above 
structure. In Figs. 4 and 5, numeral 21 denotes a 
piezoelectric composite having the same structure 
as the above basic structure, 22 a plurality of 
piezoelectric elements which are arranged straight 
with one-dimensional connection and have the 
electromechanical coupling coefficient varied by 
changing the volume ratio, 23 polymer material 
such as silicone rubber, epoxy resin or poiyure- 
thane resin and filled into gaps between the piezo- 
electric elements 22 to have three-dimensional 
connection, 24 arrayed electrodes arranged into a 
plurality of rows and formed on one end surface of 
the piezoelectric elements 22 by a method of plat- 
ing, depositing, sintering or the like, and 25 a 
common electrode formed on the other end surface 
of the piezoelectric elements 22. Numeral 26 de- 
notes an acoustic matching layer disposed on . the 
side of the common electrode 25 for propagating 
an ultrasonic wave effectively, and 27 an acoustic 
lens-disposed on the side of the acoustic-matching 
layer 26 for focusing an ultrasonic beam. The 
acoustic lens 27 is provided if necessary. Numeral 
28 denotes backing material disposed on the side 
of the arrayed electrodes 24 for absorbing an ultra- 
sonic wave and holding the piezoelectric composite 
21. 

The structure of such a piezoelectric composite 
21 is the same as that used in a so-called arrayed 
ultrasonic probe and its operation is also the same. 
More particularly, a voltage is applied to the plural- 
ity of arrayed electrodes 24a, 24b, 24c, ... 24n 
provided in the piezoelectric composite 21 in a 
manner that a certain group of the electrodes is 
provided with a voltage supply having a time delay. 
Thus, the ultrasonic wave produced by the piezo- 
electric composite is converged to a certain dis- 
tance. As the groups are scanned channel by chan- 
nel, the ultrasonic wave reflected by an inside 
portion of a living body Is received. The received 
ultrasonic wave is image-processed to be dis- 
played on a display at a real time for diagnosis of 
the inside portion of the living body. 

Fig. 5 is a sectional view of the piezoelectric 
composite 21 cut in the direction perpendicular to 
the arrayed direction of the array electrodes 24. 
The piezoelectric elements 22 having different vol- 
ume ratios are arranged in this direction. More 
particularly, the piezoelectric elements 22a having 
a largest volume ratio are arranged in th middle 
portion A so that the electromechanical coupling 
coefficient is largest In the middle portion A and 
the piezoelectric elements 22b and 22c having the 
volume ratios which are gradually reduc d are ar- 
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ranged in the peripheral portions B and C so that 
the electromechanical coupling coefficients are 
gradually lowered as approaching to the periphery. 

For xample, when PZT 5 and epoxy resin are 
used for the piezoelectric ceramic and the polymer 
material respectively as described in Fig. 8, and 
three kinds of volume ratios of the piezoelectric 
elements 22 are provided, assuming that the vol- 
ume ratios of the piezoelectric elements 22 of the 
portions A. B and C of Fig. 4 are 30, 20 and 10%, 
respectively, the electromechanical coupling coeffi- 
cients of the portions A, B and C are 64, 60 and 
50%, respectively. 

With such a structure, the radiation amplitude 
of the ultrasonic wave produced by the piezoelec- 
tric elements 22a in the middle portion A is larger 
corresponding to the larger electromechanical cou- 
pling coefficient and the radiation amplitude of the 
ultrasonic wave produced by the peripheral por- 
tions B and C is lower corresponding to the lower 
electromechanical coupling coefficient as ap- 
proaching to the periphery. Accordirigly, weighting 
(apodizing) of the amplitude can be made in the 
perpendicular direction to the arraying direction of 
- the arrayed electrodes 24 and -then-the=side-lobe 
level can be reduced to obtain an ultrasonic image 
having high resolution. 

In the embodiment 1, description is made for 
the case where three kinds of volume ratios of the 
piezoelectric elements are provided, while even if 
two or four or more kinds of volume ratios is 
provided, the same effects can be attained. 

Further, in the embodiment 1, the arrayed ul- 
trasonic probe having a plurality of arrayed elec- 
trodes 24 is described, while even if a piezoelectric 
composite 21 is also divided at the same intervals 
as well as the arrayed electrodes 24a. 24b, 24c, ... 
24n and arranged in an array, the same effects can 
be obtained. 

EMBODIMENT 2 

A second embodiment of the present invention 
is described with reference to Figs. 6 and 7. In 
Figs. 6 and 7. numeral 31 denotes a piezoelectric 
composite having the same structure as the basic 
structure described above, and numeral 32 denotes 
a plurality of piezoelectric elements each of which 
is formed into a square pillar and having the elec- 
tromechanical coupling coefficients varied by 
changing the volume ratios with one-dimensional 
connection and which are divided into groups each 
having the same volume ratio and arranged con- 
centrically. Numeral 33 denotes polymer material 
such as silicone rubber, epoxy resin, polyuretiiane 
resin or the like which is filled Into gaps between 
the piezoelectric elements 32 and has three-dimen- 
sional connection. Numeral 34 denotes concen- 



trically arrayed electrodes each of which Is formed 
on one end surfaces of the piezoelectric elements 
32 for each group by plating, depositing, sintering 
or the like. Numeral 35 denotes a common el c- 
5 trode disposed on the other end surfaces of the 
piezoelectric elements 32. Numeral 36 denotes an 
acoustic matching layer disposed on the side of 
the common electrode 35 for propagating an ultra- 
sonic wave effectively, and numeral 37 denotes 

70 backing material disposed on the side of the ar- 
rayed electrodes 34 for absorbing an ultrasonic 
wave and holding the piezoelectric composite 31 . 

The arrayed electrodes 34 include a plurality of 
electrodes 34a, 34b, 34c, ... 34n arranged concen- 

75 trically, and piezoelectric elements 32a, 32b, 32c, 
... 32n having electromechanical coupling coeffi- 
cients varied by changing volume ratios are 
grouped and arranged nearly corresponding to the 
electrodes 34. More particularly, the piezoelectric 

20 elements 32a having the largest volume ratio are 
arranged in the middle portion A corresponding to 
the electrode 34a so that the electroniechanical 
coupling coefficient is largest in the middle portion 
A and the piezoelectric elements 32b, 32c, ... 32n 

25 having the volume ratios=which=are=graduaHy lower- 
ed correspondingly are arranged in the peripheral 
portions so that the electromechanical coupling co- 
efficients are gradually decreased as approaching 
to the periphery. 

30 For example, in the same manner as the em- 
bodiment 1, when PZT 5 as the piezoelectric ce- 
ramic and epoxy resin as the polymer material are 
used and three kinds of volume ratios of the piezo- 
electric elements 32 are provided as described in 

35 Fig. 8, and when it is assumed that the volume 
ratio of the piezoelectric elements 32a of the por- 
tion A in Fig. 7 is 30% and the volume ratios of the 
piezoelectric elements of Its peripheral portions in 
Fig. 7 are 20 and 10%, progressively, the electro- 

40 mechanical coupling coefficients of the central por- 
tion A and the peripheral portions are 64, 60 and 
50%, respectively. 

The ultrasonic probe structured as at)Ove Is a 
so-called annular-arrayed ultrasonic probe, and 

45 when the same voltage is applied to each of ar- 
rayed electrodes 34 of the piezoelectric composite 
31, the amplitude distribution of ultrasonic wave 
may be attained such that the radiation amplitude 
of ultrasonic wave produced from the central por- 

50 tion A is largest and the radiation amplitude of 
ultrasonic wave from the peripheral portions Is pro- 
gressively reduced as approaching to the periph- 
ery. Accordingly, the amplitude can be weighted in 
any radial direction and then the side lobe level 

55 can be reduced to obtain an ultrasonic image hav- 
ing high r solution. 

In the mbodiment 2, the piezoelectric ele- 
ments 32 hav corr spending volume ratio to each 
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of the arrayed electrod s 34 disposed In the piezo- 
electric composite 31 , while the group of the piezo- 
electric elements 32 having same volume ratio is 
not required to xactly correspond to each portion 
of the arrayed electrodes 34 but the volume ratios 
of the piezoelectric elements are to be set substan- 
tially so that the electromechanical coupling coeffi- 
cients are progressively lowered from the central 
portion to the periphery. 

Further. In the precedent embodiments, de- 
scription has been made to the case where the 
piezoelectric ceramic of PZT system and PbTiOa 
system is used as the piezoelectric elements hav- 
ing different volume ratios, while even porous pi- 
ezoelectric ceramic, three-component system pi- 
ezoelectric ceramic or monocrystal such as LINbOa 
and LiTaOs. or combination thereof may be used 
with the same effects. 

EMBODIMENT 3 

Fig. 9 is a perspective view schematically illus- 
trating a basic structure of a piezoelectric compos- 
ite usable in embodiments of the present Invention. 

ln..Fjg.=9,= numeral11 denotes a piezoelectric 
composite and numeral 12 denotes a plurality of 
piezoelectric elements including piezoelectric ele- 
ments 12a and 12b each of which has a different 
frequency constant and is formed into a square 
pillar having the same length and size and which 
are juxtaposed alternately in the mutually ortho- 
gonal direction. Numeral 13 denotes polymer ma- 
terial filled between the piezoelectric elements 12a 
and 12b to couple each other, and silicone rubber, 
epoxy resin or poiyurethane resin, for example, is 
used therefor. Numerals 14 and 15 denote elec- 
trodes formed on both of end surfaces of the 
piezoelectric elements 12 by a method of plating, 
depositing or sintering. The piezoelectric elements 
12a and 12b have one-dimensional connection by 
providing the electrodes 14 and 15 on both of the 
end surfaces pruned in same level. The polymer 
material 13 has three-dimensional connection by 
filling the material into gaps among the piezoelec- 
tric elements 12. Thus, when a voltage is applied to 
the electrodes 14 and 15, the piezoelectric com- 
posite 1 1 is vibrated mechanically and produces an 
ultrasonic wave having a corresponding frequency 
to a thickness t. 

The piezoelectric composite having the plural- 
ity of piezoelectric elements combined integrally 
with each other by the polymer material is named a 
so-called 1-3 type piezoelectric composite and is 
known by the paper (Proc. IEEE, 1985, Ultrasonics 
Symp. pp. 643-647), for example. However, the 
conventional piezoelectric composite includes the 
piezoelectric elements having the same frequency 
constant, whereas th pi zoelectric composite of 



the invention includes the piezoelectric elements 
12 having different frequency constants, and 
groups of the piezoelectric elements 12a and 12b 
having different fr quency constants being ar- 
5 ranged alternately in a two-dimensional plane. 
Therefore, the frequency band is wider and a shor- 
ter pulse is obtained according to the invention so 
that the ultrasonic image having higher resolution 
can be obtained. The frequency constants of the 

10 elements may be more than two different kinds and 
its arrangement may be irregular. 

This piezoelectric composite is used in the 
ultrasonic probe shown in Figs. 4 and 5 described 
of the first embodiment. In the piezoelectric com- 

75 posite 21 shown in Figs. 4 and 5, the piezoelectric 
elements 22 having different electromechanical 
coupling coefficients are arranged in the direction 
perpendicular to the arrangement direction of the 
arrayed electrodes 24. More particulariy, the piezo- 

20 electric elements 22a having the largest electro- 
mechanical coupling coefficient are disposed in the 
middle portion A and the piezoelectric elements 
22b and 22c are disposed in the peripheral por- 
tions B and C respectively so that the electro- 

25 mechanical-^coupling-coefficients are gradually re- 
duced as approaching to the periphery. 

As to the three kinds of piezoelectric elements 
22a, 22b and 22c each having a different electro- 
mechanical coupling coefficient, the piezoelectric 

30 elements 22a in the middle portion A comprise, for 
example, piezoelectric ceramic N-21 (its electro- 
mechanical coupling coefficient k 33 = 0.73) of PZT 
system available from TOHOKU KINZOKU CO.. the 
piezoelectric elements 22b in its peripheral portion 

35 B comprise piezoelectric ceramic N-d (its electro- 
mechanical coupling coefficient k 33 0.67) of PZT 
system available from TOHOKU KINZOKU CO.. 
and the piezoelectric elements 22c In the out- 
ermost portion C comprise piezoelectric ceramic C- 

40 24 (its electromechanical coupling coefficient k 
33 = 0.54) of PbTiOs system available from 
TOSHIBA CERAMIC CO. The polymer material 23 
such as silicon rubber, epoxy resin or poiyurethane 
resin is filled into gaps among the piezoelectric 

45 elements 22a, 22b and 22c to thereby form the 
piezoelectric composite 21. 

With such a structure, the radiation amplitude 
of the ultrasonic wave produced by the piezoelec- 
tric elements 22a in the middle portion A is large 

50 since the electromechanical coupling coefficient 
thereof is large, while the radiation amplitude of the 
ultrasonic wave produced by the piezoelectric ele- 
ments in the peripheral portions B and C Is small in 
accordance with the low red lectromechanical 

55 coupling coefficients as approaching to th periph- 
ery. Accordingly, weighting (apodizing) of the am- 
plitude can be made in the direction perpendicular 
to the arrangement direction of the arrayed el c- 
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trodes 24 and the side lobe level can be reduced 
to obtain the ultrasonic image having high resolu- 
tion. 

In the embodiment 3. piezoelectric ceramic Is 
used for the three kinds of piezoelectric elements 
22a, 22b and 22c having different electromechan- 
ical coupling coefficients, while piezoelectric ma- 
terial of a combination of piezoelectric ceramic and 
monocrystal such as LiNbOs and LiTaOs or porous 
piezoelectric ceramic may be used therefor to ob- 
tain the same effects. Further, the electromechan- 
ical coupling coefficients are not limited to be three 
kinds, and two or four or more kinds of electro- 
mechanical coupling coefficients may be used. 

In the embodiment 3, the arrayed ultrasonic 
probe having the plurality of arrayed electrodes 24 
has been described, while even the piezoelectric 
composite 21 may be divided at the same intervals 
as the arrayed electrodes 24a, 24b, 24c, ... 24n and 
arranged in an array to obtain the same effects. 

EMBODIMENT 4 

A fourth embodiment of the present invention 
used with the above^piezoelectric composite is now 
described. 

The piezoelectric composite 31 described in 
the embodiment 3 is utilized for the annular ar- 
rayed ultrasonic probe shown in Figs. 6 and 7. 

Numeral 32 denotes a plurality of piezoelectric 
elements each of which is formed into a square 
pillar and which have one-dimensional connection 
and are divided Into groups each having different 
electromechanical coupling coefficient and ar- 
ranged concentrically, numeral 33 denotes polymer 
material such as silicone rubber, epoxy resin or 
polyurethane resin filled into gaps among the pi- 
ezoelectric elements 32 and having three-dimen- 
sional connection, numeral 34 denotes arrayed 
electrodes formed on one end surface of the 
grouped piezoelectric elements 32 concentrically 
by a method of plating, depositing or sintering, and 
numeral 35 denotes a common electrode formed 
on the other end surface of the piezoelectric ele- 
ments 32. Numeral 36 denotes an acoustic match- 
ing layer disposed on the side of the common 
electrode 35 for propagating an ultrasonic wave 
efficiently, and numeral 37 denotes backing ma- 
terial disposed on the side of the arrayed elec- 
trodes 34 for absorbing an ultrasonic wave and 
holding the piezoelectric composite 31. Piezoelec- 
tric ceramic such as of PZT system or PbTiOs 
system Is used as the piezoelectric elements 32. 

The arrayed electrodes 34 include a plurality of 
electrodes 34a, 34b. 34c. ... 34n arranged concen- 
trically, and piezoelectric elements 32a. 32b, d2c. 
... 32n having different electromechanical coupling 
coefficients ar divided into groups and arranged 



approximately in alignment with the electrodes 34. 
In other words, the piezoelectric elements 32a hav- 
ing the largest electromechanical coupling coeffi- 
cient are arranged in the central portion A cor- 

5 responding to the electrode 34a and the piezoelec- 
tric elements 32b, 32c, ... 32n are arranged so that 
the electromechanical coupling coefficients are 
gradually reduced as approaching to the periphery. 
The ultrasonic probe structured as above is a 

10 so-called annular arrayed ultrasonic probe, and 
when the same voltage is applied to each of ar- 
rayed electrodes 34 of the piezoelectric composite 
31 , the amplitude distribution of the ultrasonic wave 
can be attained in which the radiation amplitude of 

75 the ultrasonic wave produced from the central por- 
tion A is largest and the radiation amplitude is 
gradually lowered as approaching to the periphery. 
Accordingly, weighting of the amplitude can be 
made in any radial direction and the side lobe level 

20 can be reduced to thereby obtain the ultrasonic 
image having high resolution. 

In the embodinient 4. piezoelectric ceramic is 
utilized as the piezoelectric elements having dif- 
ferent electromechanical coupling coefficients, 

25 while even piezoelectric-materiahof a combination- 
of piezoelectric ceramic with monocyrstal such as 
LiNbOs and LiTaOs or porous piezoelectric ce- 
ramic may be utilized therefor to obtain the same 
effects. 

30 In the embodiment 4, the piezoelectric ele- 
ments 32 having different electromechanical cou- 
pling coefficients are arranged corresponding to the 
arrayed electrodes 34 disposed in the piezoelectric 
composite 31 , while the electromechanical coupling 

35 coefficients of the piezoelectric elements 32 are not 
required to correspond exactly to the arrayed elec- 
trodes 34 but the piezoelectric elements are to be 
arranged so that the electromechanical coupling 
coefficients are gradually lowered from the central 

40 portion to the peripheral portions. 

INDUSTRIAL APPLICABILITY 

As apparent from the foregoing description, the 
45 present invention provides a piezoelectric compos- 
ite including electrodes formed on both end sur- 
faces thereof, a plurality of piezoelectric elements 
which are arranged and coupled with each other by 
polymer material and electromechanical coupling 
50 coefficients distributed and varied by changing vol- 
ume ratios of the piezoelectric elements versus 
polymer material and accordingly the electrome- 
chanical coupling coefficients of a single piezoelec- 
tric composite can be varied partially. Further, the 
55 piezoelectric composite itself can possess the am- 
plitude distribution that the amplitude is large in the 
central portion and is gradually smaller as ap- 
proaching to the periphery. 



6 



11 



EP 0 480 045 A1 



12 



In addition, since ther is provided a piezoelec- 
tric composite including electrodes formed on the 
both end surfaces thereof, a plurality of piezoelec- 
tric elements which ar arranged so that the elec- 
tromechanical coupling coefficients are largest in 
the central portion and gradually reduced as ap- 
proaching to the periphery and are coupled with 
each other by the polymer material, the amplitude 
distribution that the radiation amplitude of the ultra- 
sonic wave is large in the central portion and is 
gradually lowered from the central portion to the 
peripheral portions and accordingly an ultrasonic 
beam pattern having reduced side lobe level can 
be formed and the ultrasonic image having higher 
resolution can be obtained. 

Claims 

1. An ultrasonic probe comprising a piezoelectric 
composite including electrodes formed on both 
end surfaces thereof, a plurality of piezoelec- 
tric e lemen ts which are arranged and coupled 
with each other by organic high-molecular ma- 
terial, said piezoelectric composite having dis- 
tributed=amplitudes of ultrasonic wave.— 

2. An ultrasonic probe according to Claim 1. 
wherein said piezoelectric composite has elec- 
tromechanical coupling coefficients distributed 
and varied by changing volume ratios of said 
piezoelectric elements to said polymer ma- 
terial. 

3. An , ultrasonic probe according to Claim 1 , 
wherein volume ratios of said piezoelectric ele- 
ments included in said piezoelectric composite 
are set so that electromechanical coupling co- 
efficient is largest in a middle portion and the 
electromechanical coupling coefficient is 
gradually lowered as approaching to a periph- 
ery. 

4. An ultrasonic probe according to Claim 3. 
wherein said piezoelectric elements have one- 
dimensional connection and said polymer ma- 
terial has three-dimensional connection. 

5. An ultrasonic probe according to Claim 4, 
wherein said piezoelectric elements are piezo- 
electric ceramic. 

6. An ultrasonic probe according to Claim 1, 
wherein said piezoelectric composite includes 
two or more kinds of piezoelectric elements 
having different electromechanical coupling co- 
efficients and which are arranged and coupled 
by polymer material. 



7. An ultrasonic probe according to Claim 1, 
wherein said piezoelectric composite Includes 
electrodes formed on both surfaces thereof, a 
plurality of piezoelectric lements which are 

5 arranged and coupled by polymer material so 
that electromechanical coupling coefficient is 
largest in a middle portion and the electro- 
mechanical coupling coefficient is gradually 
lowered as approaching to the periphery. 

70 

8. An ultrasonic probe according to Claim 7, 
wherein said piezoelectric elements have one- 
dimensional connection and said polymer ma- 
terial has three-dimensional connection. 

75 

9. An ultrasonic probe comprising piezoelectric 
composites including a plurality of piezoelec- 
tric elements arranged in a linear configuration 
and connected by polymer material and having 

20 volume ratios to said polymer material which 
are set so that electromechanical coupling co- 
efficient Is largest in a niiddle portipn and the 
electromechanical coupling coefficient is 
gradually lowered as approaching to the pe- 

25 ripheryrsaid=piezoelectric composite being-jux- 
taposed in a direction perpendicular to the 
arrangement direction of said piezoelectric ele- 
ments and having one end surface on which a 
plurality of arrayed electrodes are provided in 

30 the juxtaposition direction and the other end 
surface on which a common electrode is pro- 
vided. 

10. An ultrasonic probe according to Claim 9, 
35 wherein said piezoelectric elements have one- 
dimensional connection and said organic high- 
molecular material has three-dimensional con- 
nection. 

40 11. An ultrasonic probe according to Claim 10, 
wherein said piezoelectric elements are piezo- 
electric ceramic. 

12. An ultrasonic probe comprising a piezoelectric 
45 composite including a plurality of piezoelectric 
elements arranged concentrically and coupled 
by polymer material and having volume ratios 
to said polymer material which are divided into 
groups and are set with electromechanical 
60 coupling coefficient so that electromechanical 
coupling coefficient is largest In a central por- 
tion and the electromechanical coupling coeffi- 
cient is gradually lowered as approaching to 
the periphery, said piezoelectric composite 
55 having one end surface on which a plurality of 
arrayed lectrod s are provided cone ntrically 
and approximately in alignment with said 
grouped piezoelectric elements and the other 
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end surface on which a common electrode is 

provided. 

ia An ultrasonic probe according to Claim 12, 
wherein said piezoelectric elements have one- 
dimensional connection and said polymer ma- 
terial has three-dimensional connection. 



wherein said piezoelectric elements have one- 
dimensional connection and said polymer ma- 
terial has three-dimensional connection. 

5 21. An ultrasonic probe according to Claim 20, 
wherein said piezoelectric elements are piezo- 
electric ceramic. 



14. An ultrasonic probe according to Claim 13, 
wherein said piezoelectric elements are piezo- io 
electric ceramic. 

15- An ultrasonic probe comprising a piezoelectric 
composite including a plurality of piezoelectric 
elements arranged in a linear configuration and 75 
connected by polymer material so that electro- 
mechanical coupling coefficient is largest in a 
middle portion and the electromechanical cou- 
pling coefficient is gradually lowered as ap- 
poraching to a periphery, said piezoelectric 20 
composite being juxtaposed in a direction per- 
pendicular to the arrangement direction of said 
piezoelectric elements and having one end 
surface on which a plurality of arrayed elec- 
=trodes.are_-provided in the juxtaposition^direc- 25. 
tlon and the other end surface on which a 
common electrode is provided. 



22. An ultrasonic probe according to any of Claims 
19 to 21, wherein frequency constant of said 
piezoelectric elements Is two or more different 
kinds. 



16. An ultrasonic probe according to Claim 15, 
wherein said piezoelectric elements have one- 30 
dimensional connection and said polymer ma- 
terial has three-dimensional connection. 



17. An ultrasonic probe according to Claim 16, 
wherein said piezoelectric elements are piezo- 35 
electric ceramic. 



18. An ultrasonic probe according to any of Claims 
15 to 16, wherein frequency constant of said 
piezoelectric elements is two or more different 40 
kinds. 



19. An ultrasonic probe comprising a piezoelectric 
composite including a plurality of grouped pi- 
ezoelectric elements arranged concentrically 45 
and connected by polymer material so that 
electromechanical coupling coefficient is larg- 
est in a central portion and the electromechan- 
ical coupling coefficient is gradually lowered as 
approaching to a periphery, said piezoelectric so 
composite having one end surface on which a 
plurality of arrayed electrodes are provided 
concentrically in alignment with said grouped 
piezoelectric elements and th other nd sur- 
face on which a common electrode is pro- 55 
vided. 



20. An ultrasonic probe according to Claim 19. 
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